Stimulated Neutrino Conversion and Bounds on Neutrino Magnetic Moments by Frère, J. -M. et al.
ar
X
iv
:h
ep
-p
h/
96
08
26
6v
2 
 3
 O
ct
 1
99
6
ULB-TH/96/14
hep-ph/9608266
Stimulated Neutrino Conversion and Bounds
on Neutrino Magnetic Moments
J.-M. Fre`re 1
Universite´ Libre de Bruxelles
R.B. Nevzorov, M.I. Vysotsky
ITEP, Moscow 117259, Russia
Abstract
Recent experiment proposed to observe induced radiative neutrino transitions
are confronted to existing bounds on neutrino magnetic moments from earth-
based experiments. These are found to exclude any observation by several
orders of magnitude, unless the magnetic moments are assumed to be strongly
momentum dependent. This possibility is discussed in some generality, and
we find that nontrivial dependence of the neutrino form factor may indeed
occur, leading to quite unexpected effects, although this is insufficient by
orders of magnitude to justify the experiments.
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The following method of search for neutrino magnetic transitions was re-
cently proposed in [1]: neutrinos pass a resonant cavity full of low-energy
photons which induce the neutrino conversion: ν1γ → ν2. While neutrino
decay in vacuum is strongly suppressed by lack of phase space if the mass
difference between ν1and ν2is small ((Γ ∼ (δm)
3)) in the case of stimulated
conversion the energy is provided by the electromagnetic field, and the δm
suppression disappears. This fact makes a suggested way to look for the
neutrino transitional magnetic moments very attractive. In paper [1] possi-
ble experiments with the electron neutrinos from a reactor or the Sun were
discussed. The same idea was applied in paper [2] to accelerator-produced
νµ’s. The scheme of the experiment is obvious: neutrinos on the way to a
standard detector pass through a high-quality resonant cavity; a variation in
the detected neutrino fluxes associated to switching on and off the cavity is
interpreted as the signal of a radiative transition. According to the estimates
given [2], the suggested experiments could hope to detect transition neutrino
magnetic moments µ larger than:
µ ≥ 4 · 10−4µB , (1)
where µB is Bohr magneton.
Our purpose here is to study the compatibility of such large transition
magnetic moments with existing bounds from earth-based experiments. A
positive signal of stimulated transition could be observed in three different
situations: (in what follows, we only mention neutrinos, parallel situations
obviously happen with their antiparticles, or rather, their CP conjugates):
- apparition : an inactive (sterile) neutrino present in the beam is con-
verted inside the cavity into an active one. The initial neutrino can be either
a right-handed component of one of the known neutrinos, or a new, this far
undetected particle altogether, while the neutrino emerging from the cavity is
one of the known, (mostly) left-handed types (νe, νµ, ντor there antiparticles)
- disparition : an active neutrino disappears into an inactive species, either
a new state, or the right-handed component of a (Dirac) known neutrino
- conversion : a known neutrino is converted into another species, itself
observable , for instance a left-handed νµabsorbs a γ and turns into a right-
handed (active) ν¯e; the beam then appears depleted in one species, and
enriched in another.
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What is common to all theses possibilities is that they always involve
at least one transition moment to or from one of the 3 standard, relatively
well-known neutrinos.
The bounds on neutrino magnetic moments are usually quoted in the
litterature in terms of ”diagonal” moments rather than transition moments.
They are[3]:
µνµ ≤ 10
−9µB , µνe ≤ 10
−10µB . (2)
The bound on the tau neutrino magnetic moment is stronger than (1) as well
[3]:
µντ ≤ 5.4 · 10
−7µB . (3)
We want to point out that the above bounds are in fact more general
and do apply as well to transition magnetic moments, provided phase space
is sufficient in the experiment considered. For this, it is easiest to reason in
terms of helicity amplitudes, a natural approach for light, energetic neutrinos.
Interference between helicity amplitudes only occurs through the neutrino
masses, and can thus be safely neglected for most purposes.
These bounds above are deduced from the absence of any observed ad-
dition to the predicted standard model neutrino-electron scattering. While
standard model weak contributions, mediated by the Z and W direct cou-
plings are diagonal in the helicity representation (LL and RR transitions), as
expected from a regular gauge interaction, an hypothetical magnetic coupling
to the photon, being a tensor interaction, involves a LR transition. For this
reason, the neutrino magnetic moment contribution never interferes with the
standard contribution, and the cross sections thus add trivially. As a result,
the respective natures of the initial and final neutrino are irrelevant, provided
the mass of the final neutrino does not suppress the reaction. Thus, the re-
sulting cross section (and the resulting bound) is the same, whether the final
(undetected) neutrino is identical to (diagonal magnetic moment) or differ-
ent from the first (transition moment). The bounds (2), (3) are applicable
to any kind of a transitional magnetic moment, the only condition being the
smallness of the mass difference between the two neutrino species, compared
to the center of mass energy available in the process, which is about 100 MeV
for ντ and several MeV for νe and νµ.
The comparison of (1), (2), (3) then seems to settle the issue.
A potential loophole however exits. The bounds (2), (3) were indeed
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obtained for virtual photons, with typical q2 varying from ∼ (100MeV)2
for ντe-scattering and ∼ (1MeV)
2 for ν¯ee scattering, while radiative decays
of neutrinos deals with real photons and absorption of a photon from the
resonance cavity involves q2 ∼ (10−6eV)2. So we should, as devil advocates,
consider the possibility that neutrino magnetic form factors build up with
diminishing |q2|, in which case even a strong upper bound at large q2 (2),(3)
could coexist with a considerably larger µ at small q2, restoring hope for a
cavity experiment. Let us look more closely at this possibility.
The neutrino magnetic moment in generalizations of the standard model
is usually generated through a triangle diagram involving virtual charged
particles. The dependence on q2 is determined by the mass of the heaviest
charged particle in the loop (usually it is a new scalar or vector boson) and
for q2 < M2 has the following form:
µ(q2) = µ(0)[1 + a
q2
M2
] . (4)
Here a is a model-dependent number of order 1, while we know thatM has to
be larger than 60 GeV from the absence of new charged particles at LEP 1.5.
It is thus clear from (4) that µ((100MeV)2) = µ(0) with very high accuracy.
Of course, renormalisability of the theory tells us that the formfactor has
ultimately to decrease with q2 for asymptotic q2, but this only really takes
place for q2 > M2; and as there are no charged bosons lighter than 60 GeV
this cannot help us.
At this point, we might again give up, but devil’s advocates tend to
perseverate, and another possibility exists. The problem in generating the
magnetic moment through charged particles loops, is that the masses of the
new intermediaries have to be very large, as we know form LEP limits. The
situation is different with neutral intermediaries, but the counterpart is that
their coupling to photons can only be through an induced magnetic moment.
We will consider as an example the situation where the transition magnetic
moment between ν1and ν2 is induced through a loop containing the new
light fermion N , and a light scalar ϕ; the light fermion is assumed to have
a magnetic moment µN , possibly induced by heavy particles, and, basing
ourselves on the previous case, we will consider µN to be constant in most
of the integration range (as we will see, the infrared part of the integration
is the relevant one). It is quite clear that both N and ϕ should be SU(2)
singlets to avoid conflict with the measured Z-boson invisible width. For
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the simplicity of the argument, we will for now consider only one neutrino
and compute the induced diagonal magnetic moment; the calculation below
carries over essentially unchanged for transition moments.
Let us take the standard neutrino ν1to be a Dirac particle coupling with
N through the Yukawa interaction f ν¯Nϕ, to the new scalar particle. Let
us note in passing that this interaction, if ν1is to be observable, involves one
element of an SU(2) doublet, with singlets. Such coupling is only possible as
a consequence of the standard model SU(2) breaking acting on an induced
vertex; we might therefore expect that it is somewhat suppressed, but this is
not essential.
It is convenient to present the neutrino magnetic formfactor in the fol-
lowing form:
µν =
f 2µN
16pi2
I(mN , mϕ, mν , q
2) , (5)
where I is a dimensionless function. For momentum transfer q2 larger than
the masses of all three particles we get a constant result I = −1/2 2, instead
of the anticipated decrease of the form factor (this is no real surprise, as an
implicit cut-off is present, and the decrease is only expected for momenta
larger than the masses of the charged particles responsible for the magnetic
moment of the fermion N). In most cases (except for fine tuning, see be-
low) at q2 = 0 I is of the order of unity, and the bounds on µν from the
νe-scattering experiments stay applicable to neutrino behavior at small q2,
µν(q
2 = (100MeV)2) ≈ µν(q
2 = 0). However, some interesting exceptions
take place when the Feynman integral at small q2 is infrared divergent. For
example, let us suppose that the masses of the external neutrino and of the
new spinor N are almost degenerate, while the mass of the scalar ϕ almost
vanishes (like in a Goldstone boson situation):
mν ≈ mN ≡ m , mϕ ≪ mν −mN . (6)
Performing the integration we get:
I = −
1
2
+
4m2
−q2
[
ln(
m2
m2N −m
2
ν
)−
3
4
]
2√
1 + 4m
2
−q2
ln


√
1 + 4m
2
−q2
+ 1√
1 + 4m
2
−q2
− 1

+ δ(q2) ,
(7)
2this result is obtained by symmetrical integration in 4 dimensions. Other regular-
ization methods can differ by a constant term (e. g. dimensional regularization). This
however is typical of effective theories and does not affect our discussion
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δ(q2) =
4m2
−q2

 1√
1 + 4m
2
−q2
ln


√
1 + 4m
2
−q2
+ 1√
1 + 4m
2
−q2
− 1

 ln(4 + −q2
m2
) +
+
2√
1 + 4m
2
−q2

F (−1−
√
1 + 4m
2
−q2
2
√
1 + 4m
2
−q2
)− F (
1−
√
1 + 4m
2
−q2
2
√
1 + 4m
2
−q2
)



 , (8)
F (ξ) =
ξ∫
0
ln(1 + x)
x
dx ,
I = −
1
2
, |q2| ≫ m2 (9)
I = 4 ln(
m
2(mN −mν)
)−
7
2
, |q2| <∼ m
2 (10)
In this case, the magnetic formfactor of neutrino at q2 = 0 can thus in
principle be much larger than at large momentum transfer.
Let us note that while the constant term in I may depend on the partic-
ular mehanism of µN generation at high energies, the logarithmic term in I
originates in the infrared and is universal.
From (10) and (5), and the requirement to stay in a regime where we
can still trust perturbation theory, we can deduce the largest possible value
for the neutrino magnetic moment at q2 = 0: (further tuning would at least
force the resummation of the leading terms)
µmaxν (q
2 = 0) = µN (11)
Even accepting such a strong tuning (and generalizing straightforwardly
to transition moments of nearly degenerate neutrinos) in a rather ad-hoc
scheme does not allow any induced radiative transition to be observed in the
suggested cavity experiment, as strict bounds still apply to µN .
We review them briefly, starting from earth-based experiments and mov-
ing to astrophysical ones.
The bound from ref. [4] on the ντ magnetic moment generalizes straight-
forwardly to any light neutral fermion N which can be produced in the reac-
tion e+e− → NN¯γ:
µN < 4 · 10
−6µB (12)
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It is interesting to note that numerically close bound can be obtained
from measured at LEP invisible width of Z-boson. Here the line of reasoning
goes as follows. If neutral fermion is magnetically coupled to photon, it
should couples to Z-boson as well with strength damped by at most square
of electroweak mixing angle sine. In this way invisible Z width get additional
contribution and experimental bound on the last leads to bound on magnetic
moment.
While this might still allow for a rather generous low momentum transfer
(transition) magnetic moments through the above-proposed mechanism,this
limit is comfortably stronger than (1). Stronger bounds come from astro-
physical data. The bound from the white dwarf cooling [5] µN < 3 · 10
−11µB
is much stronger. Let us remind that this white dwarf bound is valid for
masses of N lower than ωp/2 ≈ 20 KeV; since heavier particles can not be
produced in plasmon decay. As we have seen, the low-momentum transfer
enhancement only occurs for nearly-degenerate particles. So for a νe mag-
netic moment generated through the proposed mechanism the white dwarf
bound is applicable (as mN ≈ mνe < 4 eV); while for νµ and ντ magnetic
moments values up to the bound (12) are still allowed if they (and hence N)
happen to be heavier than 20 KeV.
In conclusion we demonstrate that a nontrivial q2 dependence, resulting
in a strong low-momentum enhancement of a neutrino magnetic form factor
is possible: the bounds from νe-scattering experiments at q2 ∼ (1MeV)2 ÷
(100MeV)2 are not directly applicable to the neutrino magnetic moment
which governs the neutrino behavior in a resonant cavity, in a constant mag-
netic field, or even to radiative decays.
The construction leading to such enhancement (and presented more as a
devil’s advocate’s argument) involves as a necessary ingredient a light neutral
fermion N with a nonzero magnetic moment, and the enhancement has been
shown to apply if a fine tuning of the masses leads to a nearly divergent
behaviour of the relevent loop integral in the infrared.
Even this possible enhancement cannot save the hope of observing in-
duced radiative transitions using a resonant cavity, due to the strong LEP
limits on the magnetic moment of any light particle, including the hypothet-
ical N . Despite our efforts as devil’s advocates, the beautiful idea of serching
for stimulated neutrino conversion in a high-quality resonant cavity [1], [2]
stays less sensitive than the experimental bounds (2), (3), (11), (12) ( by at
least two orders of magnitude in the magnetic moments, that is four orders
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of magnitude in the number of events).
As a complement to the present study, let us note recent proposal [6]
to look for neutrino magnetic moment in reaction νe → νeγ, where the
interesting region of small intermediate photon virtuality can be investigated.
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